Objective: To quantitatively investigate relationships between food consumption, nutrient intake and biochemical markers of iron status in a population of older people. Design: National Diet and Nutrition Survey: cross-sectional survey of a nationally representative population of men and women aged 65 y and over. Setting: Mainland Great Britain Subjects: 1268 participants (651 men and 617 women) who provided both dietary intake and blood biochemistry. 986 were living in private households and 282 were living in residential or nursing homes. Results: Intakes of alcohol, vitamin C, protein, haem and non-haem iron and ®bre were positively associated with iron status. Consumption of meat, poultry and ®sh were positively associated with six measures of iron status, and vegetables and potatoes with four measures. Calcium, dairy foods and tea generally had a negative association with most measures of iron status. Conclusions: A varied diet containing meat, poultry and ®sh, vegetables and fruit, with a moderate intake of alcohol will make a positive contribution to the iron status of elderly people. Sponsorship: Wendy Doyle was supported by the Ministry of Agriculture, Fisheries and Foods.
Introduction
Although iron stores appear to increase with advancing age, signs of iron de®ciency andaor low body stores still occur in the elderly in developed countries (Finch et al, 1998; US DHHS, 1989) . It is however dif®cult to estimate the incidence of iron de®ciency and iron de®ciency anaemia in the elderly because normative changes in iron status indicators with age have not been de®ned (Johnson et al, 1994) . In addition, infections and in¯ammatory diseases such as rheumatoid arthritis that are common in the elderly produce biochemical changes that mimic iron de®ciency.
Iron status as well as the ageing process may affect immune function (Sherman, 1990; Chandra, 1992) and neurological function (Tucker et al, 1990; Beard et al, 1993) . The association between iron levels and coronary artery disease mortality remains a controversial issue (Johnson et al, 1994) . However a recent American study of nearly 4000 men and women over 70 y of age found that serum iron status was a powerful predictor of death from all causes, and particularly from cardiovascular disease (Corti et al, 1997) . Whether this increase in mortality in people with low iron is, in part, a direct effect or simply a marker of the burden of chronic disease is not known.
Factors which in¯uence iron absorption are well documented but the relationship between nutrient intake and iron status is complex and both dietary and non-dietary factors may have a substantial in¯uence, particularly in elderly people (Rutishauser et al, 1979) . Besides age, potential confounding factors which are likely to weaken the expected relationships between nutrient intakes and biochemical markers of nutritional status include gender, alcohol consumption, presence of disease, infection, in¯ammation, smoking habits, medication and genetic in¯uences (Bates et al, 1997) . In addition to the control exerted on intestinal absorption by an individual's existing iron status, there is wide variation in the availability of different types of dietary iron, which is further complicated by potential interactions with other food components. For example, haem iron derived from the haemoglobin and myoglobin of meat and ®sh, is much more readily absorbed than non-haem iron derived from eggs and dairy products. Haem iron is only minimally affected by other components of the meal, while non-haem iron which is the main source of dietary iron, can be greatly affected by the other constituents of the diet such as phytic acid. Phytic acid is a non-nutrient component found in the husks of grains, pulses and seeds and is capable of binding iron and other minerals in insoluble complexes in the intestine, which the body excretes unused. Despite the wealth of information available on factors affecting iron absorption from single meals, there is limited information for estimating absorption from a complete diet (FAO, 1988) .
The interaction between dietary habits and micronutrient status in elderly populations needs to be more clearly identi®ed. The National Diet and Nutrition Survey (NDNS) of people aged 65 y and over (Finch et al, 1998) has provided the ideal data set for such an investigation. The survey, jointly funded by the Ministry of Agriculture, Fisheries and Food and the Department of Health, was undertaken among 2060 people living in mainland Britain in 1994a5. Details of the main elements of the survey and the procedures used are described in the Survey Reports (Finch et al, 1998 , Steele et al, 1998 .
Methods
Those elements of the survey reported in this paper were:
(a) A four-day weighed record of all food and drink consumed, including supplements, both in and out of the home. Free living participants were issued with a Soehnle Quanta digital food weighing scales and a home diary in which foods weighed and eaten at home were recorded, and an eating out diary for recording foods eaten outside the home. The feasibility study found it was not practical to use a weighed intake method in institutions. Instead, interviewers weighed one of the participant's main meals on each of four recording days and the participant or carer was asked to keep a descriptive record of food and drink consumed for the remainder of each 24 h period. Weights were assigned to the non-weighed foods and drinks by the survey nutritionists using information from the food record, the food provider's questionnaire and the foods weighed by the interviewers. The MAFF nutrient databank was used to calculate energy and nutrient intakes, including alcohol. The ®eldwork covered a twelve month period (four waves) to take account of possible seasonal variations in eating patterns.
(b) An early morning, usually fasting, 30 ml blood sample. A wide range of nutrition and clinical chemistry related biochemical measurements were performed by laboratories at the MRC Dunn Nutrition Unit (DNU) and Addenbrookes Hospital in Cambridge. This paper reports only on the haematological analytes, including serum ferritin. Blood samples were centrifuged at 4 C and stored as sub-samples at 7 40 C or lower by local laboratories recruited by the DNU. Methods of blood analysis and quality control are documented as an Appendix (P) in the main Report (Finch et al, 1998) . In summary, blood cell counts including haemoglobin were measured in samples of EDTA-stabilised whole blood using a Coulter STKS analyser, usually within 24 h of collection and serum ferritin was measured using an Immuno RadioMetric Assay procedure.
The average energy intakes of the survey (Finch et al, 1998) were low in comparison to the Estimated Average Requirements for men and women aged 65 ± 74 y and 75 y and over (DoH, 1991) . The usefulness of estimating BMR to assess accuracy of reported energy intake among this older population has been discussed in the main report. Whilst for adult populations an assessment of estimated BMR, PAL and reported energy intake is now accepted as a method of estimating dietary reporting`accuracy' there is more dif®culty in comparing these measures in an older population group where accurate assessment of BMR and PAL is unclear and likely to be skewed and where weight loss may in fact be occurring.
The main ®ndings on iron status showed that the proportions of participants who had a haemoglobin level below the WHO (1972) de®ned level of anaemia (13.0 gadl for men and 12.0 gadl for women) were 11% and 9% of free living men and women respectively, and 52% and 39% of men and women respectively in institutions. The highest prevalence of low haemoglobin levels in the free living group was among participants aged 85 y and over while there was little variation with age among those living in institutions.
Sample Details of the sample selection and statistical weighting procedures used to correct for the effects of disproportionate sampling and to ensure a representative sample of British people aged 65 y and over for this survey are reported in detail in the main Survey Report (Finch et al, 1998) . The participants for the main survey comprised 1632 free-living individuals, that is people living in private households, and 428 people living in institutions that is, residential or nursing homes. (see Table A below) .
A smaller sample of 1251 participants comprising 67% of men and slightly less of women (56%) are reported in this study, as both dietary intake and blood biochemistry were required. There were no signi®cant differences in the proportions consenting to provide a blood sample by age, social class or region.
Statistics
Using SPSS (SPSS, 1996) , the relationships between recorded biochemical indices of iron status, associated nutrient intakes and the consumption of selected foods and food groups were examined. Different methods were used to collect the dietary data from institutional and free living participants (outlined above). Intake data for the free living and institutions for this paper are amalgamated since the objective is to look at trends and associations between nutrient and food intake and nutritional status rather than report baseline information on intakes.
The measurements for blood analytes and nutrient intakes with skewed distributions (skewedness statistic 1) were transformed using a logarithmic transformation (base 10 ). The blood analytes not requiring log transformation were haemoglobin, mean cell volume, and haematocrit. All nutrient intakes were transformed except protein.
Participants who were taking prescribed supplements containing iron were excluded from all analyses. Participants Food and nutrient intake and iron status in older people W Doyle et al who were taking non-prescribed supplements were excluded from analyses for associations between biochemical indices and intakes of different food groups.
Participants with a plasma a 1 -antichymotrypsin, which acts as a proxy indicator of acute phase status, above the normal upper limit (0.65 gal) have been excluded when examining the data for relationships between nutrient and food intakes and serum ferritin. The distribution of plasma a 1 -antichymotrypsin concentrations in men and women is provided in Table B. A stepwise regression approach was used to analyse the relationships between biochemical indices of nutritional status, associated micronutrient intakes, and foods and food groups known or anticipated to in¯uence that index; nutrients, foods andaor food groups were mutually exclusive. All those nutrients and foods included in the regression model are shown at the base of each results table.
Blood indices identi®ed in the stepwise regression analysis as having a signi®cant association (P`0.05) with intakes of nutrients and food or food groups were then modelled in a multiple regression analysis to identify the nature of the association.
Results
Dietary intake data presented in Table 1 and used in statistical procedures in this paper are derived from the four day diet diary records. Data are presented on those who provided a blood sample and a satisfactory diet diary. Table 1 shows the total iron, haem iron and non-haem iron intakes from food, and total iron intake from food and other sources (i.e. supplements), for men and women in two age cohorts, 65 ± 74 y of age and 75 y and over. The average daily intake of haem and non-haem iron decreased signi®-cantly with increasing age for both men and women. A higher proportion of women had iron intakes from food sources below the Lower Reference Nutrient Intake (LRNI) (6%) compared to men (2%) (DoH, 1991) . The contribution made by non-prescribed supplements to total iron intake increased signi®cantly with age for both men (P`0.01) and women (P`0.001); this was due to the higher proportion of older men (5.8% vs 3.5%) and women (7.5% vs 5.4%) who took iron supplements. Table 2 shows the means, standard deviations and 5th and 95th percentiles of biochemical measures of haemoglobin, mean corpuscular volume (MCV), haematocrit, mean cell haemoglobin (MCH), total iron binding capacity (TIBC), % saturation of plasma iron, plasma iron and serum ferritin. These markers of nutritional status revealed a relatively high proportion of participants in the older age group with poor iron status (Table 3 ). In particular, among older men, 30% had low haemoglobin levels, 34% had a low haematocrit, 42% a low TIBC and 60% had low plasma iron concentrations. Overall, there was less discrepancy in the proportion of younger and older women who had low iron status. Among older women 21% had low haemoglobin levels, 21% had a low haematocrit, 21% had a low percentage saturation of plasma iron and 29% had a low TIBC. In contrast, a higher proportion of younger women had low plasma iron levels (54%). Table 4 shows the relationship between nutrient and food intakes modelled in a multiple regression analysis with haemoglobin. Intake of alcohol, protein and ®bre were all positively associated and calcium negatively associated with haemoglobin concentrations. Intake of alcohol was signi®cantly positively associated with haemoglobin levels Signi®cance levels between age groups for men and women: * P 0.05; ** P 0.01; *** P 0.001. Lower Reference Nutrient Intake for men and women aged 50 y and over: 4.7 mgad.
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Reference Nutrient Intake for men and women aged 50 y and over: 8.7 mgad.
Food and nutrient intake and iron status in older people W Doyle et al in men and women and in each age group except for the younger age group of women. Protein intake was also positively associated with haemoglobin concentrations but only reached signi®cance levels for men as a group, and men in the older age group. Fibre intake was positively associated with haemoglobin concentrations in all subgroups but only reached statistical signi®cance for women as a group and for women in the older age group. Intake of calcium had a negative association with haemoglobin levels in all groups, and reached signi®cance levels for both women and men, for men in the older age group and women in the younger age group. Haemoglobin concentrations were positively correlated with intakes of meat, poultry and ®sh, and coffee, for both Signi®cance levels between age groups for men and women: *P 0.05; **P 0.01; ***P 0.001. Notes: The normal ranges for these measures, with references, have been suggested in the Main Report (Finch et al, 1998) . Number varies according to number of samples available for each assay. Food and nutrient intake and iron status in older people W Doyle et al men and women. Fruit consumption was positively associated with haemoglobin concentrations for men, while vegetable intake was more important for women. Liver was consumed by 109 participants during the 4 day recording period and among consumers, liver had a positive association with haemoglobin levels but this was not statistically signi®cant at the 5% level. No food or food group was found to have a signi®cant negative association with haemoglobin levels. Serum ferritin provides an indication of the level of iron stores and is considered to be the best available index for iron status, re¯ecting a wide range of long term intakes of iron on a population basis (Bates et al, 1997) . It is also an acute phase protein which is elevated in response to infection and in¯ammation and care needs to be taken when interpreting high levels of serum ferritin. Removing those with a high plasma a 1 -antichymotrypsin from the regression analysis strengthened the associations found. Table 5 shows a signi®cant positive relationship between intake of vitamin C and serum ferritin for men and women and in all subgroups except for women in the older age group. Haem iron intake was positively associated with serum ferritin but only reached signi®cance at the 5% level for men in the younger age group, women as a whole, and women in the older age group. Calcium intake had a consistently negative association with serum ferritin status but this relationship was only signi®cant for men.
Consumption of vegetables was signi®cantly correlated with serum ferritin in men and women in all age groups except for older men. There was a negative association between serum ferritin concentrations and consumption of dairy foods; this reached signi®cance at the 5% level for women.
Consumption of alcohol again had a positive relationship with mean cell volume (MCV) for all subgroups (Table  6a ) and was signi®cant at the 1% level for men. Vitamin C intake had a positive association with MCV which reached Alcohol *** *** *** *** *** *** ** *** *** * Calcium 7 *** 7 *** 7 ** 7 ** 7 *** 7 ** 7 *** 7 * 7 *** 7 * 7 *** 7 *** 7 * Vitamin C ** ** *** *** Non-haem iron *** *** *** Haem iron * Protein *** ** * * *** Fibre ** ** Excluding participants taking prescribed and non-prescribed supplements of iron. {Excluding participants with a 1 -antichymotrypsin levels above 0.65 gal (normal upper limit).
Food and nutrient intake and iron status in older people W Doyle et al signi®cance at the 1% level for women, and at the 5% level for women in the younger age group. Intake of calcium was signi®cantly negatively associated with MCV for men and women (both P`0.01), particularly women in the older age group (P 0.001). Intake of dairy foods was negatively associated with MCV for men and women and all subgroups, reaching signi®cance levels for women (P 0.001) and particularly women in the older age group (P`0.001). Among consumers, liver had a positive but not signi®cant association with MCV. Consumption of vegetables had a positive association with MCV, especially for women (P`0.01). Tea was negatively associated with MCV but only reached signi®cance at the 5% level for men as a whole and for men in the older age group. No signi®cant association was found between MCV and consumption of meat, poultry, ®sh, breakfast cereals, fruit, or coffee. Men with an adequate MCV consumed signi®cantly more alcohol, protein and ®bre than men who had a low MCV (Table 3) .
Alcohol had a signi®cant positive association with haematocrit status for men and women (both P`0.001). Protein intake was positively associated with haematocrit levels, particularly for men (P`0.01). Fibre was also positively associated with haematocrit levels for women (P`0.01). Calcium intake was negatively associated with haematocrit, reaching statistical signi®cance for men (P`0.001) and women (P`0.01).
Haematocrit were signi®cantly correlated with consumption of meat, poultry and ®sh, fruit, and coffee; among consumers, liver had a positive but not signi®cant relationship with haematocrit.
Alcohol consumption again had a signi®cant positive relationship with mean cell haemoglobin (MCH) for both younger and older men (P`0.001) and for the younger age group of women (P`0.05). Intake of vitamin C was also positively associated with MCH but only reached signi®-cance level for women. Calcium intake was negatively associated with MCH for women (P`0.001); the association was generally stronger with the older age group. There was a signi®cant positive association between vegetable consumption and MCH for men and women, and a negative association with dairy foods and tea; the association reached signi®cance levels with dairy food consumption for women, and with tea for men (Table 6b) .
Alcohol appeared to be less important to total iron binding capacity (TIBC) than other measures of iron status for men. Nevertheless, there was a signi®cant positive association at the 5% level for the total sample, and at the 1% level for women. Protein intake was also positively associated with TIBC at the 5% level for men and for women. Intake of calcium was negatively associated with TIBC for women (P`0.001) and men (P`0.05). Intake of dairy foods was negatively associated with TIBC but only reached signi®-cance levels for the sample as a whole (P`0.05).
The percentage of transferrin that is saturated with iron is an indicator of a progressive iron de®ciency state and low iron stores. It is an indirect measure that is derived from serum iron and TIBC. Intakes of alcohol were signi®cantly positively associated with percentage saturation of plasma iron for the total sample (P`0.001) and for men (P`0.001) but not for women. Intake of non-haem iron was also positively correlated with % saturation of iron for men and for women (both P`0.001). Calcium was negatively associated with % saturation of iron, reaching signi®cance at the 5% level for women.
There was a positive relationship between % saturation of iron and consumption of meat, poultry and ®sh for the sample as a group (P`0.01) and for men (P`0.05), and consumption of vegetables for women (P`0.01).
Plasma iron would only be expected to re¯ect recent intakes of nutrients and foods but low concentrations (less than 13 mmola1) can indicate iron de®ciency anaemia, infection and chronic disease states. A positive association was found between plasma iron and intake of alcohol, nonhaem iron and protein. There was a signi®cant association between plasma iron and alcohol for men and women, nonhaem iron for women, and protein for men. There was a negative association between calcium intake and plasma iron levels for men and women. Men with plasma iron levels within the normal range had signi®cantly higher intakes of alcohol and protein than men with low plasma iron levels.
Intake of meat, poultry and ®sh, vegetables other than potatoes, and coffee were all positively associated with plasma iron. Consumption of dairy foods were negatively associated with plasma iron for women (P`0.05) but not for men.
Tables 6a and b provide a summary of the overall associations of measurements of iron status with nutrient intakes and with food intakes. Intake of alcohol was consistently positively associated with all eight measures of iron status examined. Intakes of vitamin C, haem and non-haem iron, protein, and ®bre also had a positive association with iron status. Calcium, tea and dairy foods had a negative association with most measures of iron status.
Seasonal variations in associated nutrient intakes and iron status
The survey ®eldwork took place over a 12 month period to account for seasonal variation in food consumption. The average daily vitamin C intake was signi®cantly higher in the summer months (July ± September) than at other times of the year. Energy, protein and haem iron intakes tended to be higher in the autumn (October ± December) and winter months (January ± March). Calcium or alcohol intakes did not vary signi®cantly with time of year. There was little variation in haemoglobin concentrations associated with time of year. However, serum ferritin and MCV were signi®cantly higher in the summer months than autumn or spring (April ± June). Although there were differences in other measures of iron status associated with time of year, the differences were inconsistent.
Discussion
Two thirds of the men (67%) and over half the women (56%) surveyed in the NDNS study are reported in this paper as data on both dietary intake and blood biochemistry were required. Whilst there is some evidence that those providing blood samples were representative of the population as a whole, it is likely that some differences did exist between those providing blood samples and those who did not. This may, for example, explain why the number of people with plasma a 1 -antichymotrypsin concentrations b 0.65 gal was relatively low in this study (2.3% of participants). Whilst the population groups reported here may not be completely representative of older people throughout mainland Great Britain, it has offered a unique opportunity to look at the relationship between Food and nutrient intake and iron status in older people W Doyle et al nutrient intake and different measures of iron status in a relatively large group of older people in Great Britain. In interpreting the correlations between measures of iron status, food and nutrient intakes it should be remembered that the blood sample was not necessarily taken during the period in which the dietary record was completed.
Age has been shown to be a factor in in¯uencing iron status (Finch et al, 1998; Lesourd et al, 1996) and analyses were therefore done on two age groups to examine the relative effects of other explanatory factors within different age groups.
The mean daily iron intake for men was above the Reference Nutrient Intake, suggesting a low risk of de®-ciency. However, 23% of men had low haemoglobin levels and of these, 18% also had low serum ferritin levels suggesting low iron status. Paradoxically, women appeared to be at a higher risk of de®ciency since their mean intake was below the RNI of 8.7 mgad but fewer women (16%) had low haemoglobin levels than men although 20% of these women also had low serum ferritin levels.
Approximately 94% of the total iron intake in this population was in the form of non-haem iron. Cereal products provided almost half the iron intake of the participants in this survey (Finch et al, 1998) but cereal products did not correlate with iron status possibly because of the low bioavailability of iron from cereal products. Bailey et al, (1997) reported a signi®cant relationship between total iron intake and serum ferritin in men when age was taken into account, in an elderly population living in Norwich. These ®ndings were not con®rmed in this study. However, the intake of haem iron was associated with higher serum ferritin levels in women but not in men and the intake of non-haem iron with higher % iron saturation in men and women and a higher plasma iron status in women.
Calcium intake was the only nutrient to be consistently negatively associated with all eight indices of iron status examined. The relationship between calcium intake and iron status is complex. The consumption of milk and milk puddings increased with age (P 0.001, r 2 0.007 and P`0.001, r 2 0.41 respectively) and it may be that those people who are most frail, especially in institutions, tend to have a higher intake of milky drinks and milk puddings, and also have poorer iron and haematology indices. Gleerup et al (1995) reported that between 30 ± 50% more iron was absorbed when no milk and cheese was served with a meal. Hallberg et al (1992) demonstrated that calcium interferes with the absorption of both haem and non-haem iron. However, some reports suggest that in mixed diets the in¯uences of indiviual inhibitors is less signi®cant (Reddy and Cook, 1997; Cook et al, 1991) .
Whilst it is suggest that some ®bre fractions are associated with inhibition of non-haem iron absorption, there was a positive association between ®bre and iron status. However, this may re¯ect the positive association between ®bre intake and energy intake (P`0.001, r 2 0.30) suggesting that those eating more ®bre are eating more food overall. Fibre intake decreased with age (P`0.001, r 2 0.05) so the association found with iron status could also re¯ect the fact that the relatively healthy older people (with good teeth, etc) have better haematological status indices. Rossander et al (1979) reported that consumption of tea with breakfast reduced iron absorption to less than half. Ninety ®ve per cent of the NDNS participants drank tea and a little contrary to expectations, tea had a signi®cant negative association for men only, and only on two of the eight measures of iron status under consideration. Tea consumption was positively correlated with energy intake (P 0.001, r 2 0.2), suggesting that those who drank more tea, consumed more food in general. Indeed, tea drinking may be associated with social activity for older people, and thus have a therapeutic value.
In terms of nutrient intakes, vitamin C, alcohol, protein, haem and non-haem iron and ®bre were all generally associated with better iron status. In terms of food consumption, meat, poultry and ®sh was positively associated with six measures of iron status, and vegetables and potatoes independently with four measures.
The causes of low iron status are multi-factorial and the relationships reported in this paper may not necessarily be causal relationships since other health related causes which were not controlled for may have in¯uenced the strength of the correlation. However dietary intake does appear to make a signi®cant contribution to most measures of iron status. In conclusion, a varied diet containing meat, poultry and ®sh, vegetables, and fruit, and a moderate intake of alcohol will each make a positive contribution to the iron status of elderly people.
